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FRQFHSW VSUHDGV WR WKH HQWLUH 0HWUR 0DQLOD DUHD LW PD\ OHDG WR D VLJQLILFDQW ULVH LQ WKH ORDG WR WKH H[WHUQDO
HQYLURQPHQW
7KHXUEDQKHDWLVODQGSKHQRPHQRQLQPDMRUFLWLHVVKRZVWKDWWKHFKDQJHRIODQGXVHDQGODQGFRYHUKDVLPSRVHG
DJUHDWGHDORIORDGRQWKHHQYLURQPHQW7KHFRQFHSWRIDVXVWDLQDEOHFLW\WKDWSXWVOHVVORDGRQWKHHQYLURQPHQWLV
JUDGXDOO\JDLQLQJFRQVHQVXV LQDQXPEHURI FLWLHVZRUOGZLGH7KHUHIRUH WR UHH[DPLQH WKH VLJQLILFDQFHRI D FLW\
IURPWKHVWDQGSRLQWRIXUEDQDQGDUFKLWHFWXUDOSODQQLQJLVDQLPSRUWDQWVWHSLQUHDOL]LQJDVXVWDLQDEOHFLW\
,Q WKLV VWXG\ZHZLOO HYDOXDWH WKHUPDO FRPIRUW RI RXWGRRU OLYLQJ VSDFHV LQ WKH H[LVWLQJXUEDQKRXVLQJ EORFN
PRGHODQGSURSRVHGKRXVLQJEORFNPRGHO1H[WZHZLOOH[DPLQHWKHIHDVLELOLW\RIWKHVXVWDLQDEOHFLW\ZKHUHWKH
EDVLFFRQFHSWRIFRQWUROOLQJWKHXUEDQKHDWLVODQGHIIHFWLVDSSOLHGWRWKHHQWLUHPHWURSROLWDQDUHD
7RZQVFDSHSODQQLQJFRQVLGHULQJWKHFOLPDWH
,Q WKH SODQQLQJ RI FRPIRUWDEOH XUEDQ OLIH LW LV LPSRUWDQW WR FRQVLGHU FKDUDFWHULVWLFV RI WKH UHJLRQDO FOLPDWH
)LJXUH VKRZV D FOLPRJUDSK RI WKH ZRUOG
V PDMRU FLWLHV ZKLFK LV FUHDWHG LQ RUGHU WR JUDVS WKH FOLPDWH
FKDUDFWHULVWLFV)LJXUHVKRZV0HWUR0DQLOD
V\HDUO\FKDQJHVLQWHPSHUDWXUHUHODWLYHKXPLGLW\VRODUUDGLDWLRQDQG
SUHFLSLWDWLRQ7KH WURSLFDOPRQVRRQFOLPDWHRI0HWUR0DQLOD LV W\SLFDOO\ FKDUDFWHUL]HGE\KLJK WHPSHUDWXUH DQG
KLJKKXPLGLW\WKURXJKRXWWKH\HDU7KXVLWWDNHVVRPHHIIRUWWRDFKLHYHDFRROHQYLURQPHQW7KHVRODUDOWLWXGHLV
KLJKDOO\HDUDQGWKHPD[LPXPDFFXPXODWHGYDOXHRIGDLO\VRODUUDGLDWLRQFDQJRDVKLJKDV:PLQWKHGU\
VHDVRQ(YHQGXULQJWKHUDLQ\VHDVRQWKHGDLO\DFFXPXODWHGYDOXHVKRZVDSSUR[LPDWHO\:P,QWKLVDUHDLW
LVLGHDOWRSUHYHQWVRODUUDGLDWLRQE\FUHDWLQJRXWGRRUVKDGLQJVSDFHV$QGLWLVGHVLUDEOHWRFRQWUROVRODULQVXODWLRQ
HQWHULQJDEXLOGLQJDVPXFKDVSRVVLEOH
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0HWUR0DQLODDOVRKDVDEXQGDQWSUHFLSLWDWLRQ)LJXUHVKRZVWKHQXPEHURISUHFLSLWDWLRQGD\VIRUHDFKPRQWK
DQGSUHFLSLWDWLRQKRXUVIRUHDFKPRQWKDVVHPEOHGXVLQJWKHGDWDLQ)LJXUH'XULQJWKHUDLQ\VHDVRQIURP-XQHWR
1RYHPEHULWUDLQVRQFHHYHU\RWKHUGD\RUPRUHIUHTXHQWO\,QWKHKRWWHVWPRQWKVRI$SULODQG0D\LWUDLQVILYHWR
WHQGD\VDPRQWK%\DOORZLQJDQDEXQGDQWDPRXQWRISUHFLSLWDWLRQLQWKHJURXQGDQGE\XWLOL]LQJWKHODWHQWKHDW
IURPHYDSRUDWLRQ WKHJURXQGVXUIDFH WHPSHUDWXUHJRHVGRZQDQGLWZLOOEHRUFDQEHFRROHU:HUHFRJQL]H WKH
LPSRUWDQFH RI WKH IDFW WKDW WKRXJK WKH DPRXQW RI HYDSRUDWLRQ LV UHGXFHG LQ WKH VKDGH WKH HIIHFW RI ODWHQW KHDW
HYDSRUDWLRQ ODVWV UHODWLYHO\ ORQJHU WKDQ WKDW RI LQ WKH VXQZKLFK LV FRQYHQWLRQDOO\ IRFXVHG RQ&RQVLGHULQJ WKH
ODWHQWKHDWRIYDSRUL]DWLRQDQGLWVHIIHFWRQWKHJURXQGVXUIDFHLQWKHVKDGHWKHGDLO\YDSRUL]DWLRQLVEHOLHYHGWREH
DSSUR[LPDWHO\PP7KXVLIWKHUHZDVDPPUDLQIDOORUPRUHZHFRXOGFRXQWRQWKHFRROLQJHIIHFWFDXVHGE\
WKHODWHQWKHDWWKURXJKRXWWKHGD\
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)LJ$QQXDO3UHFLSLWDWLRQ&KDUDFWHULVWLFVRI00
$OVR WKH WURSLFDOPRQVRRQ FOLPDWH KDV KLJK SRWHQWLDO IRU WKH JURZWK RI JUHHQHU\ ,Q WUHHVZLWK D ODUJH WUHH
FURZQ WKH VXUIDFH WHPSHUDWXUH RI WKH FURZQ GRHV QRW JR KLJKHU WKDQ WKH DLU WHPSHUDWXUH 7KRVH WUHHV SURYLGH
VKDGLQJ RQ WKH JURXQG VXUIDFH DQG EXLOGLQJV ,Q WKH VKDGH IRUPHG E\ D ODUJH WUHH FURZQ WKH JURXQG VXUIDFH
WHPSHUDWXUHLVORZHUWKDQWKHGD\WLPHDLUWHPSHUDWXUH7KHWUHHFURZQVXUIDFHWHPSHUDWXUHLVHTXLYDOHQWWRWKHDLU
WHPSHUDWXUH (YHQ RQ WKH SDYHG VXUIDFH WKH GD\WLPH VXUIDFH WHPSHUDWXUH LQ WKH VKDGH LV HTXLYDOHQW WR WKH DLU
WHPSHUDWXUH:KHQWKHSUHFLSLWDWLRQLVDEVRUEHGLQWKHJURXQGDQGWKHVKDGHGVXUIDFHLVVOLJKWO\GDPSWKHGD\WLPH
VXUIDFHWHPSHUDWXUHZLOOEHORZHUWKDQWKHDLUWHPSHUDWXUH,IWKHUHLVZLQGWKHVSDFHZLOOEHIXUWKHUFRROHG
7RXWLOL]H WKH ODWHQW KHDWRIYDSRUL]DWLRQ WR FRRO D WRZQ LW LV LPSRUWDQW WR VHFXUHJUHHQ VSDFH DQGEDUH ODQG
+RZHYHUXUEDQL]DWLRQKDVUDSLGO\GHSULYHG0HWUR0DQLODRIJUHHQVSDFHDQGEDUHODQG$VZLOOEHGHVFULEHGLQWKH
QH[WFKDSWHUWKHFRPELQHGSHUFHQWDJHRIJUHHQVSDFHDQGEDUHODQGLVOHVVWKDQ7KHUHIRUHWKHUHDOLW\LVWKDW
ZHFDQQRWFRXQWRQWKHFRROLQJHIIHFWE\WKHODWHQWYDSRUL]DWLRQKHDW
)URPWKHDOOWKHDERYHFXUUHQWFKDUDFWHULVWLFVRI0HWUR0DQLODDQGLWVFOLPDWHWKHGHVLJQGLVFLSOLQHVUHTXLUHGWR
UHDOL]HFRPIRUWDEOHWRZQVFDSHFDQEHFRPSLOHGDVIROORZV
 &UHDWHDV0XFK2XWGRRU6KDGLQJDV3RVVLEOH
D &UHDWHVKDGLQJVSDFHVWKDWLQFOXGHWUHHVZLWKDODUJHWUHHFURZQ
E &UHDWH DV PDQ\ VKDGLQJ VSDFHV DV SRVVLEOH E\ SD\LQJ FDUHIXO DWWHQWLRQ LQ GHVLJQLQJ WKH VKDSH DQG
DUUDQJHPHQWRIEXLOGLQJV
 3UHYHQW6RODU5DGLDWLRQRQ%XLOGLQJV
D 3ODQWLQJURZVRIHYHUJUHHQVDQGZDOOSODQWLQJZLOOEHFDUULHGRXWDORQJWKHZDOORQWKHHDVWZHVWVLGH
E 5RRIWRSSODQWLQJZLOOEHDFWLYHO\FDUULHGRXW
F ,QFRUSRUDWHJUHHQHU\LQWRWKHYHUDQGDDQGXVHLWDVDQRXWGRRUOLYLQJVSDFH
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 $JJUHVVLYHO\8WLOL]HWKH&RROLQJ(IIHFWE\WKH/DWHQW+HDWRI9DSRUL]DWLRQ
D 6HFXUHZDWHUFRQWDLQHGVXUIDFHVVXFKDVEDUHODQGDQGWKHSHUPHDEOHSDYHGVXUIDFH
E &RQWUROWKHHYDSRUDWLRQODVWLQJORQJHUDQGORZHUWKHVXUIDFHWHPSHUDWXUHE\FUHDWLQJVKDGLQJRQZDWHU
FRQWDLQLQJVXUIDFHV
 6HFXUHWKH&URVV9HQWLODWLRQ
D 0DNHDZLQGSDWKWKDWFDQEULQJDLUWROLYLQJVSDFHV
3URSRVDORIWKH6RXWKHDVW$VLDQW\SHWRZQVFDSH
:HH[DPLQHGWKHWRZQVFDSHSODQQLQJZLWKFRQVLGHUDWLRQWRLWVFOLPDWHLQWKHDERYHFKDSWHU7KHH[LVWLQJ0HWUR
0DQLODODQGVFDSHVFDQEHGLYLGHGLQWRVRPHFDWHJRULHVIURPWKHVWDQGSRLQWRIODQGXVHRUODQGFRYHU,IRSHQVSDFH
DQGJUHHQVSDFHDUHH[FOXGHGRUPRUHRIODQGXVHDUHFRPPHUFLDORUUHVLGHQWLDO0RVWW\SLFDORQHVDUHKLJK
ULVHFRPPHUFLDOGLVWULFWVVXFKDVWKH0DNDWLEXVLQHVVGLVWULFWDQGDUHDVIRUKLJKLQFRPHUHVLGHQWVDQGVTXDWWLQJE\
LOOHJDOKDELWDQWV)RUODQGFRYHUWKHUHLVOLWWOHJUHHQHU\WKHEXLOGLQJVDQGSDYHPHQWVXUIDFHVDUHH[SRVHGWRVRODU
UDGLDWLRQLQWKHGD\WLPHLQWKHFHQWUDOFRPPHUFLDOGLVWULFWDQGWKHVTXDWWHUGLVWULFW7KXVVRODUUDGLDWLRQFDQHDVLO\
EHVWRUHG)XUWKHUPRUHGXHWRWKHDUWLILFLDOODQGFRYHUZKHQLWUDLQVWKHUDLQZDWHULVQRWDEVRUEHGLQWKHJURXQG
FUHDWLQJUXQRII
,Q OLJKW RI WKRVH FRQGLWLRQV DQG LQ YLHZ RI 0HWUR 0DQLOD
V FOLPDWLF FKDUDFWHULVWLFV WKH SURSRVDO DLPV DW D
FRPPHUFLDOGLVWULFWDQGUHVLGHQWLDODUHD,QWKLVSDSHUZHWDNHXSH[DPSOHVRIWKHUHVLGHQWLDOGLVWULFWDQGLQWURGXFH
GHVLJQFRQGLWLRQVDQGFRQFHSWV
3RSXODWLRQGHQVLW\LVDQLPSRUWDQWSUREOHPZKHQFRQVLGHULQJKDELWDWLRQLQ6RXWKHDVW$VLD7KHDQQXDOUDWHRI
0HWUR0DQLODSRSXODWLRQLQFUHDVHIURPWKHVWRWKHVZDVDSSUR[LPDWHO\7KLVILJXUHLVVLJQLILFDQWO\
ODUJHFRPSDUHGWRWKHZRUOG
VRWKHUPHJDORSROLVHV7KHSRSXODWLRQZDVDSSUR[LPDWHO\PLOOLRQDVRI%\
LWLVH[SHFWHGWRUHDFKPLOOLRQ&RQYHUWLQJWKLVILJXUHWRSRSXODWLRQGHQVLW\LWZLOOEHSHUVRQVKD
WKXVPDNLQJLWHVVHQWLDOWRKDYHDKLJKGHQVLW\KRXVLQJPRGHO,QWKLVSDSHUZHZLOOHVWDEOLVKWKHIORRUDUHDUDWHIRU
WKH SURSRVHG GLVWULFW EDVHG RQ WKH H[LVWLQJ GDWD RQ JURVVQHW SRSXODWLRQ GHQVLW\ DQG HVWLPDWHG GDWD RQ IXWXUH
SRSXODWLRQ LQIOX[HV  &RQVLGHULQJ WKH UHODWLRQVKLS EHWZHHQ WKH JURVVQHW SRSXODWLRQ GHQVLW\ DQG WKH EXLOGLQJ
FRYHUDJHRUIORRUDUHDUDWHZHHVWDEOLVKWKHIORRUVSDFHIRUWKHORZLQFRPHKRXVLQJWREHPSHUVRQWKHPLGGOH
LQFRPHKRXVLQJPSHUVRQDQGWKHKLJKLQFRPHKRXVLQJPSHUVRQ
)LJXUHVKRZVDPHQXH[DPSOHRIWKHFOLPDWHFRQVFLRXVHQYLURQPHQWDOV\PELRVLVPHWKRGWKDWLVDSSOLFDEOHIRU
EXLOGLQJV:KHQSURSRVLQJWKLVPHWKRGZHXVHWKLVPHQXDQGDGRSWGHVLJQGLVFLSOLQHVLQWKHDERYHFKDSWHUDVD
VSHFLILFHQYLURQPHQWDOV\PELRVLVPHWKRGDWWKHRQVLWHOHYHO
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)LJ$0RGHORIWKH6RXWKHDVW$VLDQORZULVHKLJKGHQVLW\UHVLGHQWLDOEORFN
)LJXUHVKRZVRQHPRGHOH[DPSOHRIWKHORZLQFRPHKRXVLQJEORFNE\WKHHQYLURQPHQWDOV\PELRVLVPHWKRG
&XUUHQWO\ DV UHVLGHQWV IURP UXUDO UHJLRQV PRYH LQWR WKH FLW\ DQG IRUP VOXPV DV VTXDWWHUV WKHLU QXPEHUV DUH
HVWLPDWHGWRJURZLQWKHIXWXUH:LWKWKDWLQFRQVLGHUDWLRQWKLVPRGHOFDQDFFRPPRGDWHLOOHJDOKDELWDQWVDQGPDNH
LPSURYHPHQWLQWKHXUEDQWKHUPDOHQYLURQPHQWDQGKRXVLQJHQYLURQPHQW7KLVKLJKGHQVLW\KRXVLQJPRGHOLVDQ
H[DPSOHRIDORZULVHPRGHO$FDFLDWUHHVZLWKDJHQHUDOO\ODUJHWUHHFURZQDUHXVHG8QHYHQEXLOGLQJVWUXFWXUHV
DQGYRLGVSDFHVDUHGHVLJQHGWRFUHDWHPRUHVKDGLQJGXULQJWKHGD\WLPH,QVKDGLQJVSDFHVFURVVYHQWLODWLRQLV
VHFXUHG IRU FRROHU DQGPRUH FRPIRUWDEOH OLYLQJZLWK D VHQVH RI RSHQQHVV 7KH JURXQG IORRUPRVWO\ FRQVLVWV RI
SLORWLV7KXVWKHIDFLOLW\FDQHDVLO\WXUQLQWRDSXEOLFFRPPHUFLDOVSDFH3ODQWHGRQWKHSUHPLVHVDUHPRUKLJKHU
DFDFLDWUHHV/DUJHVSDFHVXQGHUWKHWUHHFURZQFDQEHXWLOL]HGDVFRPPXQLW\VSDFH2QWKHURRIWRSDUHSHUJRODDQG
WUHHVIRUEORFNLQJDVPXFKVRODUUDGLDWLRQDVSRVVLEOH,WFDQEHXVHGDVFLWL]HQV
FRPPXQLW\VSDFHVXFKDVPDUNHWV
7KHUPDOHQYLURQPHQWDOHYDOXDWLRQ
+HUHZHZLOOHYDOXDWHWKHUPDOFRPIRUWRIRXWGRRUOLYLQJVSDFHVLQWKHH[LVWLQJXUEDQKRXVLQJEORFNPRGHODQG
SURSRVHGKRXVLQJEORFNPRGHO
7KHPDLQUHJXODWLQJIDFWRUVIRUWKHUPDOFRPIRUWDUH WKHDLU WHPSHUDWXUHKXPLGLW\DLUYHORFLW\DQGUDGLDWLRQ
&RPSDUHG WR RWKHU IDFWRUV 0HWUR 0DQLOD
V UDGLDWLRQ HQYLURQPHQW FDQ JUHDWO\ YDU\ GHSHQGLQJ RQ WKH VSDWLDO
FRPSRVLWLRQRI WKH GLVWULFW7KHUHIRUHZHXVHG WKH PKLJK057 PHDQ UDGLDQW WHPSHUDWXUH ஈ& GLVWULEXWLRQ
IURPWKHJURXQGLQLQWHUYDOVLQDOLYLQJVSDFHDVDQLQGH[WRHYDOXDWHWKHFRPIRUWLQWKHGLVWULFW057LVFDOFXODWHG
E\WKHWRWDORIWKHSURGXFWRIWKHIRUPFRHIILFLHQWRIHDFKVLGHIURPDKXPDQERG\DQGVXUIDFHWHPSHUDWXUHRIHDFK
ILHOG6LQFH057LVVXLWDEOHIRUHYDOXDWLQJXUEDQFRPIRUWDWWULEXWHGWRWKHDUUDQJHPHQWRIEXLOGLQJVURDGVDQGWKH
VWUXFWXUHDQGPDWHULDOVRIH[WHULRUEXLOGLQJZDOOVLWLVDOVRDSDUWLFXODUO\HIIHFWLYHLQGH[IRUHYDOXDWLRQRIFRROQHVV
LQVXVWDLQDEOHXUEDQEORFNVZLWKSODQWLQJ
7RFDOFXODWHWKH057GLVWULEXWLRQLQDEORFNILUVWWKHWRWDOVXUIDFHWHPSHUDWXUHGLVWULEXWLRQPXVWEHREWDLQHG
)LJXUHVKRZVWKHVLPXODWLRQSURFHVVWKURXJKZKLFKWKUHHGLPHQVLRQDO&$'GDWDDUHLQSXWDQGWKHWRWDOVXUIDFH
WHPSHUDWXUHGLVWULEXWLRQLVREWDLQHG7KLVLVSDUWRIWKHVLPXODWLRQPHWKRG,LQRGHYHORSHGIRUWKHSXUSRVH
RIHYDOXDWLQJWKHXUEDQWKHUPDOHQYLURQPHQW%\WKLVPHWKRGRQHFDQHYDOXDWHOLYLQJVSDFHFRPIRUWE\FDOFXODWLQJ
WKH WRWDO VXUIDFH WHPSHUDWXUH GLVWULEXWLRQ WKDW LQFOXGHV VXUURXQGLQJ JURXQG DQG EXLOGLQJ ZDOO VXUIDFHV WKHUHE\
REWDLQLQJWKH057GLVWULEXWLRQ$W WKHVDPHWLPHE\REWDLQLQJWKH+,3KHDW LVODQGSRWHQWLDO ஈ&RQHFDQDOVR
HYDOXDWH LWV LQIOXHQFH RQ WKH XUEDQ KHDW LVODQG SKHQRPHQRQ 'HWDLOV DERXW +,3 ZLOO EH GLVFXVVHG LQ WKH QH[W
FKDSWHU


19 Sunghwan Yoon and Akira Hoyano /  Procedia - Social and Behavioral Sciences  179 ( 2015 )  14 – 28 























)LJ&DOFXODWLRQ0HWKRGRI8UEDQ%ORFN6XUIDFH7HPSHUDWXUH
)LJXUHVKRZVWKHVXUIDFHWHPSHUDWXUHFDOFXODWLRQUHVXOWVLQWKHSURSRVHGVXVWDLQDEOHKRXVLQJEORFNPRGHODQG
WKHVDPHXUEDQEORFNPRGHOZLWK WUHHV UHPRYHG7KHVXEMHFWPRQWKVZHUH$SULODQG0D\RQ W\SLFDOFOHDUGD\V
ZKHQDGHWHULRUDWLRQRI WKH WKHUPDOHQYLURQPHQW LVPRVWH[SHFWHG)URPVXUIDFH WHPSHUDWXUHFDOFXODWLRQUHVXOWV
ZHZHUHDEOH WRREWDLQ LQIRUPDWLRQRQ WKHGLIIHUHQFH LQ WKHZDOO VXUIDFH WHPSHUDWXUHGHSHQGLQJRQ WKHEXLOGLQJ
GLUHFWLRQ DW WKH SHGHVWULDQ
V H\H OHYHO LQIRUPDWLRQ FRPSDULQJ EHWZHHQ WUHHV DQG ODZQV DQG EXLOGLQJV RU SDYHG
VXUIDFHVZLWKD ODUJH WKHUPDOFDSDFLW\DVZHOODVGLIIHUHQWJURXQGVXUIDFHPDWHULDOV DQG WKHLU UHODWLRQVKLS WR WKH
VXUIDFHWHPSHUDWXUH
,QWKHXUEDQEORFNPRGHOZLWKRXWWUHHVWKHGD\WLPHWHPSHUDWXUHRQWKHVXQEDNHGSDYHGVXUIDFHURVHDVKLJKDV
ஈ&6LQFHWKHVRODUUDGLDWLRQKHDWLVDEVRUEHGDQGVWRUHGLQEXLOGLQJVDQGRQSDYHGVXUIDFHVKLJKWHPSHUDWXUHV
DUH PDLQWDLQHG HYHQ RXWVLGH LQ WKH HYHQLQJ +RZHYHU LQ WKH VXVWDLQDEOH KRXVLQJ EORFN PRGHO ZLWK WUHHV WKH
WHPSHUDWXUHZDVHTXLYDOHQWWRWKHDLUWHPSHUDWXUHHYHQLQWKHDIWHUQRRQEHFDXVHRIVKDGLQJIURPODUJHWUHHFURZQV
DQGWKHXQHYHQQHVVRIEXLOGLQJVXUIDFHV:LWKWKLVORZVXUIDFHWHPSHUDWXUHGLVWULEXWLRQZHZHUHDEOHWRREVHUYHD
FRQWUROHIIHFWRQWKHXUEDQKHDWLVODQGSKHQRPHQRQLQWKHZKROHXUEDQDUHD7KLVZLOOEHGLVFXVVHGLQGHWDLOLQWKH
QH[WFKDSWHU

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)LJ7KH6XUIDFH7HPSHUDWXUH&DOFXODWLRQ5HVXOWRI6XVWDLQDEOH+RXVLQJ%ORFNDQGWKH6DPH%ORFN0RGHOZLWK7UHHV5HPRYHG
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)LJP+LJK057'LVWULEXWLRQ)URPWKH*URXQGLQWKH([LVWLQJ+RXVLQJ%ORFN0RGHODQG6XVWDLQDEOH+RXVLQJ%ORFN
)LJXUH VKRZV WKHPKLJK057GLVWULEXWLRQ IURP WKHJURXQG LQ LQWHUYDOVZKLFKZHUHREWDLQHG IURP WKH
VXUIDFHWHPSHUDWXUHGLVWULEXWLRQLQWKHH[LVWLQJXUEDQKRXVLQJEORFNPRGHOWKHSURSRVHGVXVWDLQDEOHKRXVLQJEORFN
PRGHODQGWKHVXVWDLQDEOHKRXVLQJEORFNPRGHOZLWKRXWWUHHV7KHRYHUDOO057GLVWULEXWLRQDWQRRQZLWKDKLJK
VRODUDOWLWXGHLQWKHH[LVWLQJORZLQFRPHPRGHOZDVDSSUR[LPDWHO\ஈ&ஈ&KLJKHUWKDQWKHDLUWHPSHUDWXUH,Q
FRQWUDVWLQWKHVXVWDLQDEOHEORFNPRGHOWKH057GLVWULEXWLRQZDVஈ&WRஈ&ORZHUWKDQWKHDLUWHPSHUDWXUH
)XUWKHUPRUHZKLOHWKH057GLVWULEXWLRQZDVKLJKHUWKDQWKHDLUWHPSHUDWXUHLQWKHHYHQLQJLQWKHH[LVWLQJPRGHO
LQ WKH VXVWDLQDEOH EORFNPRGHO LW ZDV VOLJKWO\ ORZHU EHFDXVH RI WKH UHIOHFWDQFH RI GD\WLPH VRODU UDGLDWLRQ DQG
HYDSRWUDQVSLUDWLRQIURPWKHSUHVHQFHRIJUHHQHU\,QWKHSURSRVHGVXVWDLQDEOHPRGHOZLWKWUHHVWUHHVDQGXQHYHQ
EXLOGLQJ VHFWLRQVKHOSHG FUHDWH FRQWLQXRXV FRRO VSRWV GXULQJ WKH GD\WLPH7KXV RXWGRRU VSDFHV FDQEH DFWLYHO\
XVHGDVFRPIRUWDEOHOLYLQJVSDFHV
$OWHUDWLRQVLQODQGXVHDQGWKHXUEDQKHDWLVODQGSKHQRPHQRQ
7KHXUEDQKHDW LVODQGSKHQRPHQRQRFFXUVPDLQO\ IURPFRPSOH[FRPELQDWLRQVRIDQDUWLILFLDOFKDQJH LQ ODQG
FRYHU DQ LQFUHDVH LQ DQWKURSRJHQLFKHDW DQG WKHJHQHUDWLRQRI FRQWDPLQDQWV  ,Q WKLV FKDSWHUZHZLOO IRFXVRQ
³DUWLILFLDODOWHUDWLRQVLQODQGFRYHU´WKDWDUHFORVHO\DVVRFLDWHGZLWKDUFKLWHFWXUDODQGXUEDQSODQQLQJ
,QWKHSURFHVVRIDUWLILFLDOODQGFRYHULQXUEDQDUHDVDIIHFWLQJWKHXUEDQWKHUPDOHQYLURQPHQWWKHIROORZLQJIRXU
FRQWULEXWLQJIDFWRUVZHUHSRLQWHGRXW
22   Sunghwan Yoon and Akira Hoyano /  Procedia - Social and Behavioral Sciences  179 ( 2015 )  14 – 28 
 ,QFUHDVHLQ6RODU$EVRUSWDQFHRQWKH8UEDQ6XUIDFH
0XOWLSOH UHIOHFWLRQV RFFXUZKHQ WKH JURXQG VXUIDFH LV XQHYHQ GXH WR D FRQFHQWUDWLRQ RI EXLOGLQJV 7KXV LW
DSSHDUV WKDW WKH VRODU DEVRUSWDQFHYDOXHRI WKHJURXQG VXUIDFH LVPXFKKLJKHU WKDQ WKDWRI LQGLYLGXDOXUEDQ
VWUXFWXUDOPDWHULDOVVXFKDVFRQFUHWHDQGDVSKDOW
 ,QFUHDVHLQ+HDW&DSDFLW\
:KHQ WKH JURXQG VXUIDFH LV FRYHUHG ZLWK PDWHULDOV ZLWK KLJK KHDW FDSDFLW\ VXFK DV D SDYHG VXUIDFH DQG
UHLQIRUFHGFRQFUHWHEXLOGLQJVLWUHVXOWVLQWKHUPDOVWRUDJHRIVRODUHQHUJ\7KHJURXQGVXUIDFHDOVRUHWDLQVWKH
KLJKWHPSHUDWXUHGXULQJWKHQLJKWWLPH
 'HFUHDVHLQ&RROLQJ(IIHFWGXHWR(YDSRWUDQVSLUDWLRQ
%HFDXVHRIWKHVLJQLILFDQWGHFUHDVHLQVRLODQGJUHHQHU\DUHDVWKHFRROLQJHIIHFWE\HYDSRWUDQVSLUDWLRQRQWKH
XUEDQJURXQGVXUIDFHFDQQRORQJHUEHH[SHFWHG
 'HFUHDVHLQ'LIIXVLRQ(IIHFWRI+HDWDQG&RQWDPLQDQWV
)LJXUHLOOXVWUDWHVWKHWKHUPDOLPDJHRIWKH0HWUR0DQLODXUEDQDUHDRQDFOHDUGD\GXULQJWKHGU\VHDVRQ'XH
WR WKH ODFNRIJUHHQHU\DUHD WKH WHPSHUDWXUHRIVXQEDNHGEXLOGLQJVRUSDYHPHQW VXUIDFHVFDQEHPRUH WKDQ
ஈ&KLJKHU WKDQ WKHDLU WHPSHUDWXUH ,W LVHDVLO\ LPDJLQDEOH WKDWSHGHVWULDQVZRXOG IHHOGLVFRPIRUW IURP WKH
UHIOHFWHGVRODUUDGLDWLRQDQGWKHVXUURXQGLQJORQJZDYHUDGLDWLRQ7KHYLFLRXVF\FOHLVWKDWVLQFHWKHRXWVLGHDLU
DOVRULVHVLWFDQLQFUHDVHWKHFRROLQJORDGRILQGLYLGXDOEXLOGLQJVLQWKHDUHD,QRWKHUZRUGVWKHIXQGDPHQWDO
VROXWLRQRIWKHXUEDQKHDWLVODQGHIIHFWOLHVLQWKHFRPSUHKHQVLYHUHYLHZRIXUEDQODQGXVHDQGODQGFRYHU












)LJ([DPSOHRIXUEDQWKHUPDOLPDJHVDWQRRQLQWKHGU\VHDVRQ
$QDO\VLVPHWKRGRIWKHUHODWLRQVKLSEHWZHHQODQGFRYHUDQGXUEDQKHDWLVODQGV
+HUHZHZLOORXWOLQHRXUPHWKRGRIDQDO\]LQJWKHUHODWLRQVKLSEHWZHHQODQGFRYHUDQGXUEDQKHDWLVODQGV
6.1. Urban blocks as the minimum urban developmental unit 
3DVWVWXGLHVRQODQGFRYHUDQGWKHXUEDQKHDWLVODQGHIIHFWKDYHGLVFXVVHGRQO\WKHLQIOXHQFHFDXVHGE\XUEDQ
ODQGXVHDQGODQGFRYHUDQGWKH³PHVK´DUUDQJHPHQWDIWHUGLYLGLQJWKHFLW\LQWR³PHVK´EORFNVRIVHYHUDOKXQGUHG
PHWHUV WR VHYHUDO NLORPHWHUV +RZHYHU WR H[DPLQH WKH XOWLPDWH LPSDFW IURP WKH DUUDQJHPHQW RI EXLOGLQJV WKH
JURXQGVXUIDFHDQGWUHHVRQWKHXUEDQHQYLURQPHQWLWLVQHFHVVDU\WRHVWDEOLVKWKHGHYHORSPHQWDOXQLWVRWKDWWKH
H[SODQDWLRQYDULDEOHVWKDWUHSUHVHQWODQGXVHDQGODQGFRYHUFDQDOVREHHVWDEOLVKHG
³$QXUEDQEORFN´ZKLFKLVDQXUEDQDUHDVXUURXQGHGE\DUWHULDOURDGVUDLOURDGVDQGULYHUVLVFRQVLGHUHGWREH
WKHPLQLPXPSODQXQLW DQG LW FRUUHVSRQGV WR WKHPXQLFLSDO XQLW RI ³%DUDQJD\´ LQ0HWUR0DQLOD7KXVYDULRXV
HOHPHQWVRIDUFKLWHFWXUDOVFDOHFDQEHSDUDPHWHUL]HGDQGWKRVHFDQDOVREHWUHDWHGDVDWWULEXWHVLQLQGLYLGXDOXUEDQ
EORFNV ,QRWKHUZRUGVZHFDQFRQWLQXRXVO\HYDOXDWHDQXUEDQ WKHUPDO HQYLURQPHQW IURPDQDUFKLWHFWXUDO VFDOH
WKHUPDOFRPIRUWVLQRXWGRRUVSDFHVWRDQXUEDQVFDOHH[WHQVLYHXUEDQKHDWLVODQGHIIHFW

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6.2. Index to evaluate the urban thermal environment. 
7KHGLUHFW HYDOXDWLRQ LQGH[RIXUEDQKHDW LVODQGV LV WKHKHDW LVODQG LQWHQVLW\ WKDW LV WR VD\ WKHGLIIHUHQFH LQ
WHPSHUDWXUHEHWZHHQWKHXUEDQFHQWHUDQGVXEXUEV+RZHYHUZKHQGLVFXVVLQJWKHLGHDOXUEDQODQGXVHDQGODQG
FRYHUIURPWKHVWDQGSRLQWRIWKHXUEDQWKHUPDOHQYLURQPHQWWKHLPSDFWWRWKHVXUURXQGLQJHQYLURQPHQWUHVXOWLQJ
IURPWKHODQGXVHDQGODQGFRYHULQXUEDQEORFNVVKRXOGEHXVHGDVWKHLQGH[:HKDYHJLYHQVSHFLDODWWHQWLRQWR
WKHIROORZLQJWZRLQGLFHV
 (QWLUHXUEDQVFDOH³+HDW,VODQG3RWHQWLDO+,3´IRUHYDOXDWLQJWKHUPDOHQYLURQPHQWLQDQXUEDQEORFNDQGLWV
VXUURXQGLQJEORFNV
 8UEDQ EORFN VFDOH ³0HDQ 5DGLDQW 7HPSHUDWXUH 057´ IRU HYDOXDWLQJ WKH WKHUPDO DPHQLW\ LQ DQ RXWGRRU
VSDFHRIDEORFN
 7KHHIILFDF\RI057LVH[SODLQHGLQWKHDERYHFKDSWHU
 +,3ZDVGHYHORSHGDVDQLQGH[VKRZLQJWKHSRWHQWLDOWRFDXVHWKHXUEDQKHDWLVODQGHIIHFWRQODQGFRYHU7KH
FKDUDFWHULVWLFVLQWKHGLIIHUHQFHEHWZHHQVXUIDFHWHPSHUDWXUHDQGDLUWHPSHUDWXUHLQLQGLYLGXDOXUEDQEORFNVFDQ
EHSURYLGHGE\WKHIROORZLQJ(TXDWLRQ





ZKHUH7VLVWKHVXUIDFHWHPSHUDWXUHஈ&RQWKHPLFURVXUIDFH7DWKHPHDQWHPSHUDWXUHஈ&$WKHKRUL]RQWDO
SURMHFWLRQDUHDPDQGG6WKHPLFURVXUIDFHDUHDPUHVSHFWLYHO\
6.3. Evaluation flow of the urban thermal environment focused on land use and land cover. 
7KHIORZFRQVLVWVRIWKHIROORZLQJIRXUVWHSV>67(3@&RQVWUXFWLQJD/DQG&RYHU0DS
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)LJ9HJHWDWLRQFRYHUPDSRI00  )LJ/DQGFRYHUPDSRI00
 
$
G677
+,3 VXUIDFHDOOBXUEDQB
DV³ 
 
24   Sunghwan Yoon and Akira Hoyano /  Procedia - Social and Behavioral Sciences  179 ( 2015 )  14 – 28 
7RREWDLQLPSRUWDQWSDUDPHWHUVIRUODQGFRYHURIHDFKXUEDQEORFNLQ0HWUR0DQLODVXFKDVEXLOWXSDUHDUDWLR
%$5SDYHGDUHDUDWLR3$5DQGYHJHWDWLRQFRYHUUDWLR9&5ZHFRQVWUXFWHGODQGFRYHUPDSVEDVHGRQPDS
GDWD ODQG XVH DQG EXLOGLQJ VKDSHV E\1$05,$ ILHOG VXUYH\V DQG UHPRWH VHQVLQJ GDWD )LJXUH  VKRZV WKH
YHJHWDWLRQFRYHUPDSRIWKHHQWLUH0HWUR0DQLODDUHD)URP/$1'6$770LPDJHVZHFDOFXODWHGWKHYHJHWDWLRQ
FRYHUUDWLRIRUHYHU\PPSL[HORIWKHXUEDQDUHD,LQR,WLVZHOONQRZQWKDWWKHUHLVH[WUHPHO\OLWWOH
JUHHQHU\ LQ ORZLQFRPH UHVLGHQWLDO TXDUWHUV DQG FRPPHUFLDO GLVWULFWV LQ ('6$ $W WKH DUHD RXWVLGH RI ('6$
YHJHWDWLRQFRYHUUDWLRVLQUHVLGHQWLDODUHDVDQGQHDUVKRSSLQJPDOOVDUHDOVRORZ)LJXUHVKRZVWKHUHVXOWRID
ODQG FRYHU FODVVLILFDWLRQRI WKH HQWLUH0HWUR0DQLOD DUHDZLWK WKH FRPELQDWLRQRI*,6GDWD ,Q('6$ERWK WKH
EXLOWXSDUHDUDWLRDQGSDYHGDUHDUDWLRWKDWLVWRVD\WKHLPSHUYLRXVVXUIDFHUDWLRZDVKLJK
>67(3 @ &OXVWHU$QDO\VLV RQ8UEDQ%ORFNVZLWK /DQG&RYHU (OHPHQWV DV ([SODQDWLRQ9DULDEOHV %UHDNLQJ
GRZQ XUEDQ EORFNV LQWR YDULRXV W\SHV LV DQ LPSRUWDQW VWHS LQPLWLJDWLQJ WKH FDOFXODWLRQ ORDG IRU WKH QXPHULFDO
VLPXODWLRQRIKHDWEDODQFHDVZHOODVLQLGHQWLI\LQJWKHWDUJHWEORFNIRULPSURYHPHQW,IZHFDQSUHVHQWGHWDLOHG
EXLOGLQJVFDOHGDWDRQVSDFHVXQGHUVLPLODUODQGXVHFRQGLWLRQVDQGZLWKVLPLODUODQGFRYHUHOHPHQWVDVDWWULEXWHV
RIXUEDQEORFNVDQGLIZHFDQEUHDNWKHPGRZQLQWRSDWWHUQVLWZLOOEHSRVVLEOHWRGLVFXVVWKHKHDWEDODQFHRIWKH
ZKROHXUEDQDUHDE\VLPXODWLQJWKHUHSUHVHQWDWLYHEORFNIURPHDFKFOXVWHU$IWHUSHUIRUPLQJWKHFOXVWHUDQDO\VLVLQ
)LJXUHZHZHUHDEOHWREUHDNGRZQDSSUR[LPDWHO\0HWUR0DQLODXUEDQEORFNVWRDSSUR[LPDWHO\
XUEDQEORFNV,LQR
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
)LJ3URFHVVRIFOXVWHUDQDO\VLVRI8%LQHQWLUH00DUHD
>67(3@6HOHFWLQJWKH5HSUHVHQWDWLYH8UEDQ%ORFNDQG&DOFXODWLQJWKH7RWDO6XUIDFH7HPSHUDWXUH,QWKLVVWHS
ZHVHOHFWHGRQH UHSUHVHQWDWLYHEORFNIURPFOXVWHUEORFNVDQGFRQGXFWHGDQXPHULFDOVLPXODWLRQRIKHDWEDODQFH
:HKDGDOUHDG\GHYHORSHGWKHDOJRULWKPRIQXPHULFDOVLPXODWLRQRIKHDWEDODQFHRIDOOVXUIDFHVRIDQXUEDQEORFN
,LQR)LJXUHVKRZVH[DPSOHVRIFDOFXODWLRQUHVXOWVRIVXUIDFHWHPSHUDWXUHGLVWULEXWLRQRI0HWUR0DQLOD
V
UHVLGHQWLDODQGFRPPHUFLDOEXVLQHVVEORFNV,LQR7KHFKDUDFWHULVWLFVRIVXUIDFHWHPSHUDWXUHGLVWULEXWLRQVRI
WKRVHXUEDQEORFNVZHUHGHWHUPLQHGE\WKHGLIIHUHQFHLQKHDWFDSDFLW\GXHWRWKHEXLOGLQJVWUXFWXUHWKHH[LVWHQFH
RIDUHDVVKDGHGE\WUHHVDQGWKHFRQGLWLRQRIWKHJURXQGVXUIDFH

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)LJ6DPSOHVRIFDOFXODWLRQUHVXOWVRIVXUIDFHWHPSHUDWXUHGLVWULEXWLRQRIXUEDQEORFNV
>67(3@&DOFXODWLQJWKH8UEDQ%ORFN+,3DQG057'LVWULEXWLRQ,QWKLVVWHSZHFDOFXODWHGWKH+,3DQG057
RIWKHUHSUHVHQWDWLYHEORFNDQGPDGH+,3PDSVIRUWKHHQWLUHXUEDQDUHD)LJXUHVKRZVWKHGLXUQDO+,3FKDQJH
RIDOOUHSUHVHQWDWLYHEORFNVLQ0HWUR0DQLOD7KHGDLO\+,3FKDQJHZDVஈ&LQWKHUHVLGHQWLDOVHFWLRQ
DQGஈ&LQWKHFRPPHUFLDOVHFWLRQ7KHGHFUHDVHLQYHJHWDWLRQFRYHUDQGWKHLQFUHDVHLQWKHIORRUDUHDUDWLR
ERWKFRQWULEXWHGWRWKH+,3LQFUHDVHGXULQJWKHGD\WLPHDQGDWVXQVHW
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)LJ'LXUQDOFKDQJHRI+,3LQHDFKXUEDQEORFNLQ00
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([LVWLQJFRQGLWLRQRIWKHXUEDQKHDWLVODQGHIIHFWLQJPHWURPDQLODDQGIXWXUHSUHGLFWLRQV
/HWXVLQWURGXFHWKHFDVHLQZKLFKZHDWWHPSWHGWRH[SUHVVWKHGDLO\+,3FKDQJHE\DOORFDWLQJDQGFRPSRVLQJ
WKHDIWHUQRRQ+,3PDSDQGPRUQLQJDIWHUQRRQDQGQLJKW+,3VLQWR5*%UHGJUHHQEOXHSULPDU\FRORUVRIOLJKW
)LJXUH
,QILJXUHDZHFDQILQGWKDWDUHDVZLWKVLJQLILFDQWO\KLJK+,3YDOXHVDWQRRQZHUHZLGHO\VSUHDGRQWKHLQVLGH
RI('6$LQ0DQLODDQG0DNDWL7KHUHLVDOVRD+,3SHDNLQVXEXUEVVXFKDV.DORRNDQ
,Q WKHPDS E XUEDQ EORFNV RI ZKLFK+,3 LV KLJK DOO GD\ LW LV VKRZQ LQ ZKLWH  7KLV FRORU LV FRPPRQO\
REVHUYHG LQ XUEDQ EORFNV VXFK DV0DQLOD RU0DODERQZKHUH LOOHJDO KDELWDQWV DUH FRQFHQWUDWHG  7KH GHFOLQH LQ
JUHHQHU\DQGSHUPHDEOHVXUIDFHVKDVUHVXOWHGLQWKHVLJQLILFDQWLQFUHDVH+,3LQWKHDIWHUQRRQ7KXVWKLVLVDPDMRU
FRQWULEXWLQJIDFWRUWRWKHXUEDQKHDWLVODQGSKHQRPHQRQ
7DEOHVKRZVWKHFRQWUROPHDVXUHVDJDLQVWWKHXUEDQKHDW LVODQGHIIHFW &RQVLGHULQJ0HWUR0DQLOD
VFOLPDWH
WUHHSODQWLQJLVRQHRIWKHPRVWHIIHFWLYHFRQWUROPHWKRGV (TXDOO\LPSRUWDQWLVWRHQVXUHVXFKZDWHUFRQWDLQLQJ
VXUIDFHV DV WKH VRLO LQ EDUH ODQG DQG LPSHUYLRXV SDYHPHQW DV PXFK DV SRVVLEOH WR DFWLYHO\ XWLOL]H DEXQGDQW
UDLQZDWHU
:HSURSRVHGVHYHUDOXUEDQEORFNPRGHOVEDVHGRQWKLVFRQFHSWLQWKHDERYHFKDSWHU)LJXUHLOOXVWUDWHVWKH
IXWXUH+,3PDSZKHQ WKH HIIHFWLYH XVH RI JUHHQHU\ DQG SHUPHDEOH SDYHPHQW LV DJJUHVVLYHO\ DGRSWHG LQ0HWUR
0DQLODXUEDQEORFNV$FFRUGLQJWR WKHPDSVXVWDLQDEOHXUEDQEORFNVZLOOKDYHKHOSHGWRFRQWURO WKHXUEDQKHDW
LVODQGHIIHFW,QRWKHUZRUGVE\LPSOHPHQWLQJWKHHIIHFWLYHDQGDFWLYHXVHRIJUHHQHU\DQGSHUPHDEOHSDYHPHQW
WKHUHLVDQDPSOHSRVVLELOLW\WRUHDOL]HDVXVWDLQDEOHFLW\
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)LJ+,3PDSRISUHVHQW00
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7DEOH0HQXRI8UEDQ+HDW,VODQG&RXQWHUPHDVXUHV
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)LJ+,3PDSLQ00DIWHUVXVWDLQDEOHXUEDQGHYHORSPHQW

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&RQFOXVLRQV
7KLVVWXG\GLVFXVVHGWKHSUHVHQWDQGIXWXUHXUEDQWKHUPDOHQYLURQPHQWLQ0HWUR0DQLODZKLFKLVDFLW\LQWKH
WURSLFDO]RQHV7KHSXUSRVHZDVWRHVWDEOLVKDQHYDOXDWLRQPHWKRGRIXUEDQWKHUPDOHQYLURQPHQWIURPYLHZSRLQWV
RIODQGXVHDQGODQGFRYHUE\FDVHVWXG\IRU0HWUR0DQLOD:HIRFXVHGRQDQXUEDQEORFNDVDXQLWIRUHYDOXDWLQJ
XUEDQWKHUPDOHQYLURQPHQWDQGLWVH[SODQDWRU\YDULDEOHVIRUFODVVLI\LQJXUEDQEORFNVZHUHGHFLGHG,QWKHUHVXOWV
WKHZKROHXUEDQEORFNVRI0HWUR0DQLODZHUHFODVVLILHGDVVHYHUDOJURXSV7KHUHVXOWVZHUHDOVRYHULILHGXVLQJ+,3
+HDW,VODQGSRWHQWLDOSURSRVHGE\WKHDXWKRUV
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